CHAPTER (1) : CHARACTERISTICS OF FLUIDS 


SI Units ; 


Ouantity 



units 

Length 

m 

Mass 

Jss 

Time 

s _ 

Velocity 

m/s 

Acceleration 

m/s^ 

Density 

!kg /nr' .. 

Force 

N = kg m/s" 

Pressure, stress 

Pa = N/irr 

Energy, work 

J 

Viscosity 

Pa s 

Kinematic viscosity 

m 2 /s 


p ( density ) = — 

v 

p 

s ( specific gravity ) = 

Pwater 

1 m 3 

v ( specific volume ) = - (- — ) 

P kg 


F U 

t (stress ) = — = p — 

A h 

1 

F = guA- 
h 

p — Viscosity ( poise — 100 centi poise — 0.1 Pas ) 

p cm 2 m 2 

v = kinemetics viscosity = - (st = 1 = 1 * 10 — 

p s s 


, , 1 cSt = 1 * 10 ~ 6 — ) 

S 


Pipe 


Two Plates 


F 


i 

i 

i 

i 

u 

A W 

1 

1 

1 

1 

1 -y” 

h 

i 

h 

i 

i 

y 

\ ^ 

i 

* 


i 

* 

:/ 


Newton's law of viscosity 


du 



; F D = t* A 





surface T ension A P 
A) for a liquid drop 




4 T 



B) for a tube 


cion. 



n d Tcos 9 — — d 2 pgh 

4 T cos 6 

h = T- 

pgd 

h — 30 

h water ~ 

_ 13.6 

h-alcohol ~ ^ 

10 

hHB ~ ~~d 
All in mm 


Compressibility 

N A P dP dP 

K ( bulk modulus) = -ttt = — V — = p — (Pa) 
!Av_ dv dp 

V 

1 1 

/? ( compressibility ) = — (— ) 


w 



Fig. 1.8 Measuring of bulk modulus of fluid 
a ( velocity of propagatting liquid ) = 

A 



CHAPTER 2 : FLUID STATICS 


jLuila A !_c;\ Juc. (jl Cjljj] 



1) 1F X = 0 

P x dz * 1 — PsinO * dl * 1 = 0 

dz 

sine= n 

P x dz * 1 — P dz — 0 
P = Px 

••• at Y,F y = 0 P — P y ,at Y,Fz — 0 P — P z 

P = P = P = P 
r r x r y r z 

w( weight ) — pgv — pg dx dy dz 





Hydraulic Law 
for incomprisable fluid 

dP 

Tz = p9 

distance from surface 

P = pgz = pg z 

for comprisable fluid 

dp g dz 

dz /?CjI jlill CjjIjII T 

(Pi — Pp) = pg (z 2 — zf) 






Sjl (J jAjS 


A- Thermocouple 


chromel 

\ ^ref 1 

copper 

1 ^meter 1 

. ^sense 1 

L.T^C. 

n 


; 

alumel 

i 

(4-1 

i 

copper 


B- 

Thermometer 




Gates : 


6 j! J ^ajaLaJl jl AjoiII jl <jl ^Ic. £jLall JJjJ 

F r ( resultant Force ) = PA = pgh c A = y/i c /l = y.4y c sin 0 
To determine the location of its effect 


h b = h R = h c + 


^xyc 

KA 




y ■ 




c. 


b/2 


i 

7 

X 

b/2 

a/2 

a/2 



A = ab F I KJ(i c = ab 3 /12 
(a) Rectangle 



(b) Circle 



(c) Ellipse 





A = ab/2 r \ %% c = ab 3 /3G 
(d) Triangle 


A = ttR 2 /2, c = 0.109757R if 
(e) Semicircle 


A = 7rab/2, l H c = Q.1Q9757ab 3 
(f) Semiellipse 



a-*£ 


0.05481 

C---O.01M7* 4 


Ch 3 : Dynamic Fluid 


Classification of Fluid Flow 

1- Steady or unsteady 


Steady .* 0^3^ V 

Unsteady : o-O^ ^jS\\ 


2- Ideal or real Flow 


Ideal j 4 j j±fi \ j doLaJI c£H£j^VI AiUoll ^Sa <j ^ jj V JHall jA 

lx>a £jLall 

Real ;tiSl£j^VI (jc- 4 ^jUII ASUall ^a j£a jUjc-VI ^a (jbjjuJI j& 


Continuity Equation : 




Mass flow rate is constant y — m — pAV (-^-) 
nil — ^2 


For incompressible fluid 


Pi — P2 
/. XiVi 


i4 2 l^2 = Q (volume flow rate or discharge 


><T> 





Pressure 


Total Pressure — Static Pressure + Dynamic Pressure 

Static Pressure — pgh — yh 
y — specific weight — pg 


To measure the total pressure we measure 
static pressure + dynamic pressure 



P v 2 

Total Head = — f- — 

Y 2 g 

( P v 2 \ ( pv 2 

*. Total pressure = y I — + — I = I ^ + 


pizo tube + pitot tube ^ ^1 ^ 


(Jli jVI cijS L-boiaJ j 

2g 



Bernouli's Equation -> Ideal Flow 


Total Power in Pipe — Total Power exit Pipe 

Total Power = Pressure Energy + Kinetic Energy + Potential Energy 


Pi 

r 


v\ 


v\ 


+ ^“+ z i - ~ + +z 2 

2 9 Y 2# 


r i 

— : Pressure Head ( m ) 

r 

v\ 

— : Velocity Head ( m ) 
z : Potential Head (m) 



CH 5 : COMBUSTION ENGINE 


Internal combustion engine needs in order to run. 

1- fuel 

2- ignition 

3- compression 

and has many types according to these parameters 

• Four-Stroke Gasoline Engine 

• Two-Stroke Gasoline Engines 

• Diesel Engine 

• Rotary Engine 

• Steam Engine 


And according to Configuration 

Inline Engines : The cylinders are arranged in a line, in a single bank. 

V Engines : The cylinders are arranged in two banks, set at an angle to one another. 
Flat Engines : The cylinders are arranged in two banks on opposite sides of the engine 


Its Parts : 


1- Valves ( minimum 2 valves ) 

• Exhaust Valve lets the exhaust gases escape the 
combustion 

Chamber. (Diameter is smaller then Intake 
valve) 

• Intake Valve lets the air or air fuel mixture to enter 
the 


combustion chamber. (Diameter is larger 
than the exhaust valve) 






Valve Springs : Keeps the valves 
Closed. 



4 

Valve Lifters : Rides the cam lobe 
and helps in opening the valves 


2- Cam Shaft The shaft that has intake and 

Exhaust cams for operating the valves. 

3- Cam Lobe : Changes rotary motion 

into reciprocating motion. 

Note; Camshaft location is one way to classify engines. 
Overhead cam , SOHC, DOHC 

4- Spark Plug It provides the means of ignition when 
the gasoline engine's piston is at the end 
of compression stroke, close to 
Top Dead Center(TDC) 


The difference between a 
"hot" and a "cold" spark 
plug is that the ceramic tip 
is longer on the 
hotter plug 





5- Piston A movable part fitted into a 


cylinder, which can receive and 
transmit power . Through connecting rod, forces 
the crank shaft to rotate. 

6- Connecting (conn.) Rod 

Attaches piston (wrist-pin) 



CONNECTING ROD, PISTON AND PIN 


to the crank shaft (conn, rod 
caps). 



7- 


Cylinder head 

Part that covers and encloses the 
Cylinder. It contains cooling fins or water jackets 
and the valves. Some engines contains the cam shaft 
in the cylinder head. 


8- Engine block 

Foundation of the engine and 
contains pistons, crank shaft, 



cylinders, timing sprockets and 


sometimes the cam shaft. Also called short block. 


Engine without cylinder heads, exhaust manifold, or intake manifold attached to it is called 


bare block. 

9- Crank Shaft 

Converts ug and_ down motion 

into circular motion. 

Transmits the power to 



transmission. 


10 


Crank Shaft main bearings 



Main bearings are fitted between crank shaft and the main journals. 

11 

Piston Rings 

Four stroke: Three rings 
Top two are compression rings (sealing 
the compression pressure in the cylinder) 
and the third is an oil ring (scrapes 
excessive oil horn the cylinder walls) 

Two Stroke: Two Rings 
Both the rings are Compression rings. 



Blow-bv from Piston Rings 


Engine blow-by will cause 
oil binning in the 
combustion chamber, 
producing blue(grey) 
smoke. 


12 



Flvwheel 

Attached to the crankshaft 
Reduces vibration 
Cools the engine (air cooled) 

Used during initial start-up 

Transfers power from engine to 
Drivetrain 

Helps glide through strokes 

5 


ID 
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Engine Performance 


Power : 


n 


Stroke Volume — A S — —D 2 S 

4 


Compression ratio = 


Vs + Vc 

V c 

A* S *n* N 


Engine Capacity per sec.— 

60 * z 

z — 1 (2 stroke engine ) , z — 2 ( 4 stroke engine ) 
n = number of cylinders ,N -» R.P.M 


(jjj yb j x <all yb ' ^jLull (j.m.e.p) 

tj 


Indicated Power : ( Pi) 


(i.m.e.p) * A* S *n* N 

Pi = ^ m 

60 * z 

( b . m. e. p): indicated mean efficient power 

Break Power output power (Pb) ®jS31 


/27 tN \ 

P b = T*oj = (F * r) * j 


P h = 


(b.m.e.p) * A * S * N * n 


60 * z 

( b . m. e. p): break mean efficient power 


Therrmal Efficiency 


1-indicated thermal efficiency 


tilth) i 


Pi_ 

Qf 


Qf = heat added to engine = rhf * C.V 
rhf = rate of fuel consumption 


C. V = heating value 







2-Brake Thermal Efficiency 


Vith),, 


Pb 

Qf 


Mechanical Efficiency 



Pi 


Specific fuel consumption 


-indicated specific fuel consumption 


SFCt = 


rhf 

~P~i 



rrif 



Brake Specific fuel consumption 



BOILERS 


Function of boilers : Convert the water from liquid form to vapor form 


Figure of steam power plant 







Classification of boilers : 


1- According to the relative position of water and hot gas 

a) Water tube boiler 
b) Fire tube boiler 

2- According to method of furnace 

a) External fired boiler 

b) Internal fired boiler 

3- According to method of water circulation 

a) Natural water circulation 

b) Forced water circulation 

4- According to axis of shell 
a) Horizontal boiler 

b) Vertical boiler 

5- According to use of boiler 

a) Mobile boiler 
b) Stationary boiler 





7 . 


PUMPS 


AlUa Asliall A_ll ^jC- 6^)LiC- 




Impuller 

K.E (Ji 6 ^j Ac.^xjdll ^ 5 ^ (J-aau- 

Diffuser 

jjS 4x-^)jaill (Jsj A_^Loia11 d^ljj iaxjJall ^ic- (JaxJ 

aJ^Ix^I lifla JaxjJall 

^ Inii t>i A£^aJl AiUa (J 


























Classification of Pump Impeller 



Backward Impeller 


Radian Impeller 


Forward Impeller 


Pumps Connection 


Pump In Series (A 



Pump in Parallel (B 


\kc \ toto Tcvl'e Vor "We. l>cur\ 


E! 


Hi 




I I r 






Pump Performance 


pujryp per formorvCe 





-Qt mosp hin'C preaSvSf 



JeJUocrd 

to^K 



Su.cJt»c>A. tounJC 


output Power = pg Q H m = yQH m 
H m = monometric head 

7 T 7T 7 

Q = Volume flowrate — AV — —dfV s — —d d V d 

4 4 


Hm ~ ( H s td H S £ S ) + hf s + hfd + 


2 g 


h s V s 


2 

ds 2 g 


7 r J o 7 u U 

hfs ~ fs~7~w~ 1 fyd — fa —— 


h±Yl 

d-d 2 g 


Shaft Input Power 


g = 




output Power 
shaft input Power shaft input Power 



Draft System 


Classification of Draft system 
Cjlclii jl -oV 'Uailuj 7 Natural draft system 

Mechanical Draft System 
Forced Draft System ■ 

Induced Draft System ■ 

Balanced Draft System ■ 







Heat Transfer : 


Conduction : 


Q 





R 



( cartezian ) 


Rth — 



2nKL 


(Cylindrical ) 


Convention : 


1-Natural Convention 

Q = hA(T s -T m ) = Ts ~J m 

hA 


2- Forced Convention 


1 

R th = — ( cartezian ) ; R 
hA 


th - 


1 

2nr 0 Lh 


( cylindrical) 


Radiation : 

Q = aeA(T?-T*) 
a(stafen boltzman const) — 5.66 * 10" 
e = emissivity = 0:1 (black body) 


W 

m 2 . k 


Composite wall : 



1 


— ■ r * 

K, k X <h 

= _L -.S' =iL h. - 

h;6 lc,P fc.fl 

Q . Hz'* 

IK* 

R, ft R 








Steady State heat conduction with internal heat generation 



\ 

Tlu ^ j 




-*1 


d 2 T d 2 T d 2 T q v 

+ + + — = 0 

dx 2 dy 2 dz 2 K 

For one dimensional conduction 

- d 2 T q„ 

' K 


d^T Qy = 

dx 2 K ^ dx 2 


Integrate 

dT q v 

~r~ — tt x + Ci 
dx K 

integerate 

q v x 2 

T = -iY +c ' x + c 2 


B.C at x = 0 -» T = T wl and x = S -» T = T w2 
T wl - 0 + C 2 C 2 = T wl 
q v S 2 

T w2 = ~y y +5 C, +T W1 
r _ T W 2 ~ T W1 i q v 8 

Cl ~ 6 + T2 


T = 


K 2 


+ x 


f T w 2 -Tw 1 , q v 8 


T = T wl + 
dT 


T w2 ~ T 


W 1 


+ 

Qv 


2 K 


+ T 


W 1 


X + % ( SX ~ X2 1 


Max T emp. 


Tw2 C w i Qv qv _ 

~T = 7 + 8 * — + 2x 0 * ~XTT = 0 

dx 8 2 K 2 K 


K ( 

to = “ l 

Qv ' 


K fT w2 ~ C wl 


+ 8 * 


Qv\ _ 

2 KJ ~ 


K_ Tw2 ~ C w i 8 
~Qv 5 2 


A-*-* U' 


In tkc ^urJtlary- © wkcr- 

yc. = 

cL^ il 0* C— ^ 

ULil |> ^ ’^>2 ^ 

d bt 


O&JjJJls ^oL~=U> Tw2 A T-I <LJ?- 






ur ^’-’ CJ)I ^ C 




. L ^ m 


-W = ^ AT 

(T) *0 ! 

» r. A -1 J 


->W 


.V'' ■ 

J 




Critical Thickness of insulation 



Q = 


In 


G?) 


dQ 

-j- = ° = 

dt 


~ (T s ~ Too) (■ 


2nK in L 


+ 


2nK ir ,Lr n 


2nr 0 Lh 
1 ~ 
2tiTq Lh . 


= 0 


,\1A\ 


2nK iri Ltr, 


27rr 0 2 Lh 


= 0 => 


2nK in Lr 0 


2uTq Lh 


K, 


in 

h~ 


— > 


K ir . 


1 

r 0 h 


critical thickness insulation = r cr — r t 



jUJL-L 

Ts 





\ 



0pnd ihc Cr'AicA. 

©find -the rctU *£ transfer 

Per unruke. Lenjth 

\(\j£ud-d''& trX . 

. \ * J-L . -4~ }/!/•. J t ^ nfc-r 


—> to'iih ingujLectian fa s-fcr On 

—*• U) i "Wi InsuLoJtioo r Q - rcr- I.SOn 




A centrifugal pump deliver 0.2 m 3 /s discharge of the water from suction reservoir in to 


delivery reservoir. The static suction head 5 m blow the atmospheric pressure and static 
delivery head 1 8 m above the atmospheric pressure. Diameter of suction and delivery pipe 
is 20 cm and length of suction pipe 5.5 m and length of delivery pipe is 20 m. the friction 
factor of pipe material 0.04 m. Determine the shaft power input to the pump. Given pump 
efficiency 0.86. 


<2 = 0.2 — ; H sts = -5 ;H std = 18 ; d s = d d = 20 * 10~ 2 
L s = 5.5 m ; L d = 20 m ; f s = f d = 0.04 m ; 17 = 0.86 


solution 


Hydraulic Power — yQ H m 


Q = 0.2 =AV = ^ d 2 s V s = n -d 2 d V d = n - (0.2) 2 V 


m 


/. V = 6.366 — 


s 



= 2.272 



, , (6.366) 2 

H s = ( 18 - (-5)) + 2.272 + 8.262 + V — - 

2 * y.8i 


= 35.6 m 


Hydraulic Power — 1000 * 9.81 * 0.2 * 35.6 = 69847.2 watt 


Hydraulic Power 


Shaft input 


••• shaft input — 


Hydraulic Power 69847.2 


= 81217.674 watt = 81.218 kW 


n 


0.86 



Find the critical radius ot insulation tor the pipe with the outer diameter 7 cm surrounded 

by asbestos K = 0.181 W/m °C and exposed to air at a temperature of 10 °C with h = 3.5 

W/m 2 °C. Also, find the heat losses from the pipe at 275 °C for the following cases: 

• Pipe with the critical radius of insulation. 

• Pipe without insulation. 

• Pipe with the critical radius of insulation + 1 .5 cm thick insulation. 

• Pipe with the critical radius of insulation - 1 .5 cm thick insulation. 


w 

n - 0.035 m ; K - 0.181 ;T m 

m z °C 


10°C ; h — 3.5 ;T S = 275 °C 


solution 


k 0.181 

r ‘’- = h = — = °- 052m 


Q = 


T —T 

1 S 1 on 


1 2? tKL + 2nr 0 Lh 


r 0 = r c 


Q = 


275 - 10 


, /0.052\ 
ln lo.035j 


= 216.753 watt 


+ 


27t(0.181)1 2n* 0.052 * 1 * 3.5 


2 - r 0 — 

275 - 10 

Q — j = 203.968 watt 


2n * 0.035 * 1 * 3.5 



3 - r 0 = r cv + 1. 5cm = 0. 067 m 


275 - 10 


<0.067 ' 
<0.035. 


= 212.055 watt 


271(0.181)1 2n* 0.067 * 1 * 3.5 


4 — r Q — r cr — 1. 5cm = 0. 037 m 
275 - 10 

Q = n no „ = 207.378 watt 

x . <0.037 \ 

11 1 0035 J , 1 

271(0.181)1 2n* 0.037 * 1 * 3.5 



Air flows through a Venturi channel of rectangular cross section 
constant width of the channel is 0.06 jp and the height at the exit is u 
and viscous effects arc negligible. (a)Detcrmine the flow rate when 
m in a small tube attached to the static pressure tap at the throat whe 
0.02 m. (b) Determine the channel height, at section (2) where, the 
m. (c) Determine the pressure needed ai section ( 1 ) to produce this fle 


0 


.a) 


b s width = 0.06 m 
1 0. 02m 

.(2)1*2 


Free iet 


(3) 


(4) 



.04 m 




(3) aLMj throat <J' 

(4) a u.’iii i free jet Jl j 

two pre — informations •• p air — 1.1 ; P a tm — 10 5 Pa = 1 bar 


4 2 J 3 Sic [ V f 

Jailll -lie. -LxxjJali ^ (J ? i j ^ -LxxjCall j Jaalll -lie. JaiuCall (JlLoJ 

P 3 = Patm - pgh = 10 5 - 1000 * 9.8 * 0.1 = 99020 Pa 
P2 = Patm - pgh = 10 5 - 1000 * 9.8 * 0.05 = 99510 Pa 


(4) J (3) 15-^ AjjIjaLuiVI 


Hl + Z \ = l± +Zi 

pg 2 g pg 2 g 


kg 

P air - 11 77j3 


99020 1 

1 v\ 

1.1 *9.8 2*9.8 3 


10 5 i 1 

1.1 * 9.8 2 * 9.8 


Q = A 3 v 3 = A 4 v 4 

(0.02 * 0.06)v 3 = (0.04 * 0.06)v 4 

solve eqns (1)& (2) 

v 3 — 48.7 m/s , v 4 — 24.4 m/s 


->(1) 

( 2 ) 


Q — A 3 v 3 — A 4 v 4 — 0. 0584 m 3 /s 


(4) j (2) an ^ 

Ijl+ 1 i = E± +Z± 

pg 2 g pg 2 g 

99510 1 2 _ 105 (24.4) 2 

1.1 * 9.8 2 * 9.8 V2 ~ 1.1* 9.8 + 2*9.8 

••• v 2 — 38.55 m/s 

Q = a 2 v 2 = h 2 * 0.06 * 38.55 = 0.0584 
••• h 2 — 0. 052 m 


4 J 1 (JJJ j ^jJaj | L_1 

v Q = A 1 v 1 = A 4 v 4 v 4 = v 4 = 24.4 

Jjaj 

Pi = P± 

pg pg 

p x = p 4 = 10 5 Pa 



«i h :Sri?*r" 1 as irr - **? - - ■»» 

»'F!“%Tk Dc “ 7 n h ,h ' v** 

- *:ssasss:rr ^ - — - «*■ *t 



^)lL<i \ 4_j1 


2 X n^Tlft AjI j2l (Jcr JjU& 6 jsl\ 
AjjuJ j j Aj^al 6 j2 

(g=10 o' ) 


1- ( l^i j*j Ua.1 ^JJI AjjUll ) ^Vl S jiil 

4jI ^j]I £yi ( ^-wjl j )]l c?^ 1 ijsl\ 


F R - pg h c A — 1000 * 10 * 3 * (2 * 1) = 60000 N 

, 1 (2)3 

Ixv l ^TT 

h R = h c + - — 7 = 3 + 


h r A 


3 * (2 * 1) 


= 3.1 m 


2 - *Li*«i^)]l o ^ a]I 

AjIjjII (ja ^0^" CS^ 0^3^ 

( i_lal£ jjlu hc (_>uJ <_Sj ) eLill ojj O^ Sj3 


FR 2 = pp /i c2 i4 = 1000 * 10 * 4 * (2 * 1) = 80000 A? 


( 20kPa j* <^\ iall (j^a 4 _^jU 6 j2^ AjI j2l c. jJjJ “3 

F 

P = - ^ F = PA = 20000 * (2 * 1) = 40000 N 
A 

^'aL&] 1 joijj ^Ijll j AjI ^ 21 c Q x i ^ 


^ J ^ ^ <Q (jj£j J 


Hinge. 


l w 


-A 

(+)T \ 


1 m 


40 kN =► 


60 kN *80 kN 
4 40kN 



mg= p V g 


I T = 


0 


mg * 1 = pgV * 1 = 2400 * 10 * V * 1 = 60000 * 1.1 + 40000 * 1 + 80000 * 1 + 40000 * 1 


/. V = 9.4 m 3 


l_l jUaxll 


2400 * 10 * 12 * x = 60000 * 1.1 + 40000 * 1 + 80000 * 1 + 40000 * 1 


x = 0. 784 m 


The velocity distribution for the flow of a Newtonian fluid between two wide, 
parallel plates is given by the equation 




a = 


v V 


hj 



Where V is the mean velocity. The fluid has a viscosity of 0.04 pa. s. When 
V= 2 m/s and h = 0. 1 m determine: (a) the shearing stress acting on the bottom 
wall, and (b) the shearing stress acting on a plane parallel to the walls and 
passing through the centerline (midplane). 


H = 0.04 Pa.s 


m 

V = 2— ;h = 0.1 
s 


T = ~H 


du 

dy 




d 

dy 


3-3* 


y 


0.01 


= ( - oH y ) = 24 y 


a) at y — h 

x = 24(0.1) = 2.4 N/m 2 

b) at y — 0 
T — 0 


ng at hi 


rpm n ’ c 


Four-stroke eng me operat 
torque SO N m the engine with 6 , 
nvm. the calorific value of fuel 420* 
Calculate 


• Brake poutr 

• Brakes mean effective pressure 


Bf 


<-peci|j 


con 


Brake thermal efficient 



z — 2 ; N — 800 rpm 


113 gm 
’ 4 Min 


113 * 10 -3 



= 1.695 kg/h 


T = 80 N.m\ n = 6;d = 125*10 3 m ;S = 175* 10 3 m 
kj 

C.V = 42000 — 

Kg 


Solution 


(2nN\ (2 * n * 800\ 

P b = T * w = T « (— ) = 80 . (— ro ) = 


2 *n * 800> 


6702.06 watt 


A * s * n * N t (125 * 10 3 ) 2 * 175 * 10 3 * 6 * 800 
C = = 7^^ = 0.086 m 3 /s 


60 * z 


60*2 


P b 6702.06 

b.m.e.p — — — ———— — 77930.93 watt 
F C 0.086 


m f 1.695 Kg 

SFC h = — = = 0.0218 — — 

b P b 77.93 kW.h 


Q — rhf * C.V — 


1.695 


Pth b 


60 * 60 
P b 6.7 


Q 19.775 


* 42000 = 19.775 kj/s 
* 100 = 33.88% 



Determine the value of maximum temperature and its position tn the 
uniform distributed heat source having a volumetric rate d • ) * j(y* i 
r thickness 20 nun. the thermal conductivity of the plate material K " 20 
surface of the wall is exposed to the fluid with convective heat transfer cv 
W/m* X and 25 X. and the other surface is expiKvl to the fluid with 
transfer coefficient of 300 W-W X and 20 X 


w 

plate : q v = 8 * 10 6 —= ; 5 = 20 * 1(T 3 ; K = 20 


m 3 


W 

m°C 


W 


fluid l:h = 400— =■ T ml = 25 °C 
m 2 

W 

fluid 2 ■■ h = 300— =■ T m2 = 20 °C 
m 2 


= -( 

Q 17 V 


Qv \ K T w2 ~ T W1 S 


K / T w 2 ~ 7m 
Qv ^ ^ 


Qv\ _ 

2 KJ ~ 


+ 5 * ^7 | = "" "~ + - 

Qv Q 


Q — const 

Mvl — Tool T wl — 7^2 7^2 — Too 2 


M 


_5_ 

/C4 


h?A 


25 — T wl T wl — T w2 7’ w2 — 20 


20 * 10 -3 


400 20 300 

T wl = 23.17 °C ; T w2 = 22.43 °C 
K T w2 — T wl S 

x _ w2_wi 0.0099075 m 

Qv o 2 

T = T wl + Tw2 ~ Twl x + ^T- (Sx-x 2 ) = 46.204 °C 
O ZK 



Sj&L*. 6 jl L>^ L$J* l£ j (_£^ 



b) Water flows through the pipe contraction 
shown in Fig. For the given 0.2-m 
difference in the manometer level, 
determine the flow rate as a function of the 
diameter of the small pipe, D. 



11 ^2 71 


-( 0 . 1) 2 Vl = -D 2 v 2 
(0.1) 2 l? 1 = D 2 V 2 


+ . = El 

pg 2g pg 2g 


total head (2) — static head (1) — 0.2 

V} Pn V 2 , Pi 

Tr= — +7T- - — = 0.2 

2 g pg 2 g pg 


v x — VO. 2 * 2 * 9.8 — 1.98 m/s 


Q = ~ (0.1) 2 (1.98) 


^D 2 ( 0 . 0 198 ) 

D 2 


0.01555 m 3 /s 



El + Yl = Ei + zi 

pg 2g pg 2 g 


static (1) — static (2) = 0.2 

P, Pn Vn v} 

— = 0.2 

pg pg 2 g 2 g 

v 2 ~ v i = 2 * 9.8 * 0.2 = 3.92 


v i = jv 2 ~ 3 -92 

A x v x = Av 2 

A 2 v 2 

v i=—r~ 


D 2 v 2 

(0.1) 2 

D$vl 

(O.l ) 4 


~ 3-92 
Of - 3 . 92 ) 


v 2 



- 3.92 



) 


XD ^ jIAj ^ DJ' ^ (jl-Q Vj D 



Determine the flow rate through the pipe i n p ig 7 



Fig. 7 



I Ili 

v = J2*g* 2.5 = 7 — 
s 

Q = ^(0.08) 2 * 7 = 0.035 m 3 /s 


4. In the case shown in Fig. 2, water at a flow rate of Q 
= U.2m 3 /s is supplied to the cylindrical water tank of 
diameter 1 m discharging through a round pipe of 
length 4 in and diamelei 13 cm. How deep Will the 
water in the tank be? 



An open tank of water has a pipeline of uniform 
diameter leading from it as shown below. Neglecting 
all frictional effects, determine the velocity of water in' 
the pipe and the pressure at points A, Band C. 



Solution 

The Bernoulli equation (named after Daniel Bernoulli) is 

Pi . v ? . _ _ Pi • v 2 . _ 

— + — + z i + r— + *2 

PS 2 g pg 2 g 

To determine the velocity in the pipe, the Bernoulli 
equation is applied between the free surface (point 1) 
and the end of the pipe (point 2) which are both 
exposed to atmospheric pressure. That is 

Pi =P2 = Patm 


negligible. That is 

V) 



a 158 ms 

Be average velocity Is the same at all points along tl 
= v\ = v B =v c 
The pressure at A is therefore 


vi - 

= f2f*02 




2 > 
v . 


Pa =98 -*a 




= 1000s x 2-——- 

l 2 * J 

= 17,658 Nm" 2 


The pressure at Bis 


P B 


2 

vt 

*) -zb ~~- 

*8 


iooo^x 


0- 




m 

2* 


2 N 


-1962 Nm" 2 


Finally, the pressure at C is 


PC = PS 


v c ^ 

zi ' zc -t 


= 1000 g x 


-15 - 


1.98 

2g 


2 \ 


= -16,677 Nm 


-2 


. 

1 


The av«age velocity in Ae pipeline is 1.98 mrl and Us mow, a ■ 

B and Care 17.658 kNm" 2 , -1.562 IcNnf 3 and —16.677 Ufar 2 , its^^ 


Example: 


Air flows steadily from a tank, through a Iwse of 
diameter D = 0.03 m and exits to the atmosphere from 
a nozzle of diameter d = 0.01 mas shown in Fig. The 
pressure in the tank remains constant at 3.0 kP d (gage) 
and the atmospheric conditions are standard 
temperature and pressure. Determine the flowrate and 
the pressure in the hose. 


D - 0.03 m 


0.01m 


ft = 3.0 kPa 



•(2) 


( 1 ) 


Air 


SOLUTION 


If the flow is assumed steady, inviscid, 
incompressible, we can apply the Bernoulli equ Qtl% 
along the streamline shown as 

P\ + 1P V 1 + YZ\=Pz + 2P^2 + yz 2 
= /*3 + |p^3 + T*3 


With the assumption that z/ - Zj - Z3 (horizontal hose), 
(large tank), and (free Jet), this becomes 



and 

Pi = Pi ~ 2P^2 

The density of the air in the tank is obtained from the 

perfect gas law, using standard absolute pressure and 
temperature, as 


Thus, we find that 



= [(3.0 + 101) kN/m 2 ] 
ltfN/kN 

X (286.9 N mAg-KXlS + 273)K . ^ 

= 1.26 kg/m 3 


V 3 = 


4 


2(3.0 X 10 3 N/m 2 ) 

1.26 kg/m 3 


= 69.0 m/s 


Q = /1 3 V 3 = ^d 2 V 3 = j(0.01 m) 2 (69.0 m/s) 

= 0.00542 m 3 /s 
A 2 V 2 = A 3 V 3 


V 2 = A&/A 2 = V 3 - ) (69-0 m/s) = 7.67 m/s 


P 2 = 3.0 X 10 3 N/m 2 - I (1.26 kg/m 3 )(7.67 m/s) 2 
= (3000 - 37.1 )N/m 2 = 2963 N/m 2 


(Jucilion No. A 

An exterior uall ol a house consul* ol 10 2 tin hiuk tk 
pkistct (k *0 4H v% iu k) Whiii thick net-* ol loowlv p<uki 
w rn k) ItotiM be added to reduce the heat trunstci thioiu 


Question No. 4 

A centrifugal pump delivers 200 lii/min discharge of the water from jcti n re 
delivery reservoir as shown in Fig If the friction factor of pipe material 0.04 I 
the shaft power input to the pump. Given pump efficiency 92 % 



rvotr in to 
Determine 



&bjL^± — iLj,8 K v ^_j c, LS_hu2 - >f U z • j 

*3 

— fo,/ <1 ( Kt-vks) 



